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THE TRAINING OF ELEMENTARY SCIENCE TEACHERS 



JOHN G. COULTER 
Bloomington, Illinois 



In the following article it is pointed out that high-school science is of two 
kinds, one kind running down into the upper grades, the other running up 
into the colleges. The former is described as general elementary science; the 
latter as intermediate science. It is submitted that this differentiation should 
operate in the training of teachers, somewhat as differentiation now operates 
in the training of teachers for different parts of the elementary school. Argu- 
ment is made for a general four-year program, designed for the training of 
teachers of elementary science. An outline of content of such a program is 
presented. "Administrative equivalence" of upper high-school and lower 
college work is discussed, and the proposal submitted that training in the 
method of high-school courses should be given in teachers' colleges by the 
teacher of such equivalent college courses. 

Plans for improvement of science in secondary education depend 
for success upon improvement of teaching. The faults in organ- 
ization and choice of subject-matter become relatively minor 
matters when compared with faults in teaching. Courses whose 
content seems irreproachable fail through poor teaching, while 
those whose content and organization seem faulty are, when 
skilfully taught, very evidently successful. Adjustments of courses 
and their content may improve the opportunity for good teaching, 
but these things by no means insure that good teaching will be done. 
Reorganization is only the beginning of the task; it is futile if good 
teaching fails to follow it. 

One cause of poor teaching. — One factor that contributes to 
poor science teaching has not been sufficiently recognized. I refer 
to the combination of classes too large and of teaching hours too 
many which is frequent in the larger high schools. It is common 
to find teachers in large high schools teaching five classes a day 
with nearly forty pupils to the class. Usually such teachers are well 
trained and well paid, but such a burden of work reduces the best 
of them presently to routineers. The superintendent would relieve 
such pressure, if the budget permitted it. Unwillingness to improve 
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such conditions is not properly chargeable against school adminis- 
tration. But it is properly chargeable that the waste involved in 
such situation is not sufficiently appreciated. Good teaching of 
natural science calls for more of outside work on the part of the 
teacher than does the teaching of most subjects. Yet allowance 
for this is usually not made in practice. The loss involved in 
allowing science classes to exceed twenty-four pupils, and the 
science teacher's teaching hours to exceed four a day, is quite 
demonstrably in excess of the added room and teacher cost that 
will relieve such pressure. To exceed the maxima indicated is not 
economy; it is waste. 

The period of training. — Certainly much may be done to improve 
present conditions, but it is more especially to the recruiting of the 
ranks of the science teachers that this article seeks to direct some 
attention. The recruits are college graduates. Already some high 
schools require of new teachers a certain amount of graduate 
work, as well as teaching experience or in lieu thereof, but the 
day when this will become general is remote. As to a beginner's 
training, we must content ourselves now with four years of post- 
high-school work as the reasonable expectancy. 

Need of conscious direction. — If this four years of training is to 
be most effective, it needs conscious direction throughout; con- 
scious direction on the part of the student as well as on the part 
of his teachers toward the specific goal of high-school science teach- 
ing. As things are now, some thousands of college graduates each 
year begin as high-school teachers. How many of these undertook 
the whole or even a considerable part of their undergraduate work 
with a specific view to teaching ? How many, however, soon come 
to wish they had ? 

Many will doubt whether now or in the future it will be possible 
to find any considerable number of college Freshmen ready to 
accept high-school teaching as their calling; ready to shape their 
undergraduate work with that as the specific view. And, even 
if this were so, only a few colleges, except teachers' colleges, are 
equipped to offer such a program as would be requisite under such 
a plan. This second point is conceded, and what follows applies 
only to teachers' colleges and to the larger universities. But the 
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first point is at least open to argument. Differentiation of courses 
with view to subsequent occupations has come to be an accepted 
principle in high schools and even threatens to invade the upper 
grades. Yet the college Freshman is often more immune from 
differentiation than he was in the grades through which he has 
already passed. To be sure, the Freshman's choice of law, or 
medicine, or engineering as a star by which to steer his under- 
graduate course is sanctioned by usage. But the acceptance of 
teaching as a profession is usually postponed by undergraduates 
as long as possible. Nor has there yet developed any tradition 
of stimulation by deans or Freshman advisers of young inclinations 
toward teaching. 

Recruiting of high-school teachers. — So we think that Freshmen 
who will undertake their courses from the first with a view to teach- 
ing must arrive on the campus with their minds already made up. 
This puts the matter quite squarely up to the high-school teachers 
themselves. It is they who need to be the recruiting officers for 
their own educational brigade, if its quality is to be improved. 
They must perpetuate themselves. By advice to others they must 
seek to correct the shortcomings of their own training and the late- 
ness of their own vision. 

I write of their vision because such recruiting never will be 
done by a teacher who has had no vision of a brighter future for 
science teaching. It is common for science teachers to have a few 
devoted followers in the Senior class, a few who would become what 
they are. But it is uncommon for the teacher to encourage such 
inclinations; the more interested he is in the welfare of his boys 
and girls, the more likely he may be to advise against teaching as 
a profession. This statement, however, is based on data collected 
in larger high schools only. It appears that in rural high schools 
the reverse is true; that in such schools there may be too much 
rather than too little encouragement to go into teaching. This 
matter appears to be related to the comparative social status of the 
teacher in city and country. The "social standing" of the high- 
school teacher improves as density of population diminishes. 

Disillusionment of older city teachers. — As to city teachers, 
however, the sad fact is that the older and more experienced of 
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them are not much inclined to glory in their calling. They know 
more of the chill of satisfaction in duty done than they do of the 
warmth of creative effort. Too often their real selves have been 
sacrificed on the altar of administrative facility, and their ambi- 
tions assassinated by sheer weight of routine. They know how it 
feels to be a cog, and that is a terrible feeling for a teacher. So 
they become afflicted in private with a stifling sense of unfulfilment, 
a feeling that the social place and the salary accorded them do 
much to confirm. Such teachers may keep up the cheerful appear- 
ance of optimism about their work; they are afraid not to do so. 
But we can hardly expect them to carry this hypocrisy to the point 
of seeking proselytes for a profession in which they themselves have 
found little but mental and physical weariness. 

Teachers with visions. — However, not all science teachers are 
like this, even in the larger systems. Some have a sincere faith 
and joy in their work that have persisted through many trying 
years. They see what the future is to bring of recognition and of 
better opportunity. In their vision science teaching may become 
most important of all efforts for social betterment. Somehow they 
see in it a striking at the very source of human errors. This is 
because they see in it more than the giving of knowledge for the 
sake of knowledge. They see in it a process of knowledge acquire- 
ment in such wise that the very foundations of wisdom are estab- 
lished thereby. They see the murkiness of this generation's 
visions, and by their teaching they seek to clarify the visions of the 
next. They are not concerned with the particular conclusions 
their pupils reach so much as they are concerned with the methods 
by which these conclusions are reached and with the attitudes 
attained toward problems in general. They feel that if the method 
is sound the conclusions will take care of themselves. To train, 
to stimulate, to rectify, and to develop this method is a principal 
part of their business. They have a confidence that veracity in 
mental processes is a teachable thing and, because science is 
peculiarly serviceable in such teaching, are devoted to it as a 
master workman is devoted to his tools. On this and on other 
grounds they are proud to maintain the high place of their pro- 
fession among other professions, and they prove their sincerity by 
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devotion to it in the face of other offers. Such teachers do not 
hesitate to seek recruits; they do it for the recruit's sake as well 
as for the sake of the profession. 

It is, to be sure, the very exceptional teacher of whom I have 
just written. Yet I have not written wholly at random, drawing 
an imaginative figure. I have written having in mind more than 
a score of teachers of my own close acquaintance, teachers of whom 
I consider these statements fairly descriptive, teachers whose work 
I have frequently observed, and with whom I have discussed pre- 
cisely these matters. Very exceptional they are, of course, yet 
is not the teacher who is most significant for the future always the 
very exceptional teacher of today ? 

The need of suitable programs. — If, then, some teachers may with 
clear conscience send up to colleges and teachers' colleges each year 
a certain quota of young people seeking training for high-school 
science teaching, will these young people find programs suited 
to their needs? They will not. Collegiate programs are not 
usually arranged with view to such precocity in choice of teaching 
on the part of Freshmen. 

In normal schools and teachers' colleges it is customary to 
arrange different courses for those who are to teach primary, inter- 
mediate, or grammar grades. A similar differentiation seems 
needed with reference to the training of high-school teachers of 
science. For high-school science, especially as junior high schools 
are established, is coming to be of two quite distinct kinds. There 
is one kind in Grades VII-X. 1 Then there is quite another kind in 
Grades XI and XII, and running on into the lower years of college. 
The former we designate general elementary science; the latter, 
intermediate science. 

The line of demarkation. — The present tendency to organize 
school work on the basis of the six-three-three plan suggests that 
general elementary science should be planned for Grades VII-IX 
only. But we are not ready yet for such restriction. It is still 
a matter of years before high schools generally can build upon 

1 Reference to general elementary science as an affair of Grades VII-X does not 
imply a course continuous throughout those grades. It does imply the equivalent 
of two years of attention to the subject given somewhere in the four-year period 
indicated. 
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science work done in the seventh and eighth grades. Under these 
conditions we must ask for place in the tenth as well as in the ninth 
grade for general elementary science. As fast as this work becomes 
well established in VII and VIII, we will gladly withdraw claim 
for place in X. Meanwhile we must oppose the restriction of this 
work to one grade only. For to make "general science" a one- 
year subject only is, in the opinion of many, either to choke the life 
out of it, or to make it something quite other than science. So, 
under present circumstances, we treat of general elementary science 
as an affair of Grades VII-X, admitting VII-IX to be the desirable 
arrangement for the future. We regret the appearance of trying 
in this wise to force such a fluid thing as science teaching into what 
seem rigid categories of years and terms. The procedure is one 
against which every good science teacher instinctively rebels. 
Yet the necessity confronts us. If we are to have good science 
teaching in the schools we must first get adequate stage room and 
setting for it. What we are seeking is opportunity for good science 
teaching; we do not pretend for a moment that the opportunity 
is the thing itself, though our urgency in behalf of the opportunity 
may often give that impression. 

Two kinds of high-school science. — General elementary science 
is intermediate in character between the nature-study which is 
below it and the more specialized science which is above it. It 
is largely nature-study as to its method of teaching, but it is 
science with respect to its organization. If it fails in being the 
latter, it ceases to be science, and becomes miscellaneous experi- 
ence with things in which the pupil is supposed to be interested; 
it takes for its basis a psychology he has outgrown. If, on 
the other hand, it fails with respect to the nature-study or 
"project" method of teaching, and gives first place to logical 
organization merely for the sake of logical organization, then 
it has assumed a psychology of the pupil that he has not yet 
attained. 

Intermediate science, on the other hand, so far as it is basically 
"pure science," rather than agriculture, domestic science, etc., is 
becoming increasingly similar to first science in college. It ap- 
pears that one may regard the teaching of science to Freshmen 
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and Sophomores in college as much the same problem as the teach- 
ing of science to Juniors and Seniors in high schools. This being 
so, we have reason to hope that a real administrative equivalence 
may presently be recognized as between upper high-school science 
and junior-college science. This will mean, of course, a real articu- 
lation where now there is none, or very little — an articulation which 
may be based at first upon recognition of certain courses as given 
by certain teachers rather than upon recognition in this respect 
of a school as a whole. 

The need for general training. — The existent arrangements do 
fairly well, if it were a question of training teachers to teach merely 
the special courses of the upper years. This is because the existent 
arrangements turn out specialists rather than generalists. But 
what is needed in addition is an opportunity to specialize in non- 
specialization. This thing university tradition is all against, and 
requirements for graduation effectually safeguard its accomplish- 
ment. Draw up, if you will, an outline for a four-year course of 
study designed to lead specifically to the teaching of science in 
Grades VII-X. Then look into university catalogues and find 
one whose present requirements (if taken seriously) permit granting 
a degree upon the completion of such a course. You may find 
that there is one, but I have not been able to do so. I do know of 
one normal college in which such a program may be taken and a 
degree achieved, but it is not a course which has been definitely 
organized. 

An ideal course for such a candidate as we have in mind would 
be longer than four years. But four years is the limit of reasonable 
expectancy as to time he can afford for such training. Into that 
four years he must get his necessary professional training as well 
as his liberal culture. Let us note, however, that when such 
candidates begin to be recognized upon their arrival on the campus 
as well as upon their exit from it, the "administrative equivalence" 
of which we spoke a moment back will also have attained recog- 
nition. The candidate we have suggested has already shown 
a strong taste for natural science, and in his last two years of high 
school made high marks in year courses in physics, chemistry, 
botany, and zoology. The teachers of these courses have been 
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individually accredited by the institution our candidate enters. 
Hence, in lieu of his first college courses in science, he may increase 
his number of electives. So it should be noted in the suggestion of 
courses which follows that, though only one-fourth of the program 
is indicated as elective, this may be increased to as much as one- 
half by means of credit for upper high-school work. In the latter 
case, however, some more advanced science courses should be 
taken. 

Details of a four-year program. — On the assumption that our 
candidate has already made up his mind to train for elementary 
science teaching, and can afford but four years in which to do it, 
we feel justified in placing early in his program a course on the aims 
and methods of elementary science teaching, accompanied by 
observations of such teaching. Such a course should enable him 
to profit by his "subject-matter" courses far more than he other- 
wise would. It will enable him to look at the subject-matter with 
discernment as to its values in connection with his own chief prob- 
lem. It is assumed that such courses will necessarily be of the 
general type designed for the undifferentiated undergraduate. 
But he, being differentiated for teaching, needs to be in a position 
to judge for himself as to relative values. In such courses he is 
equipping himself with tools for his task; he needs to know how 
to choose the best ones, and not to burden himself with a miscel- 
laneous kit. This does not mean that he will neglect part of his 
work at the expense of other parts; it chiefly means that he will 
realize far better the absolute importance of getting a clear and 
permanent grasp of the fundamentals. 

Special provision should be made for his training in oral and 
written expression, preferably toward the end of his course, when 
he has more to express. The day may come when all high-school 
teachers will be such masters of English that masters of English 
as such will cease to exist; that English will be no longer taught 
as a separate subject, groping for its vague foundations, but will 
have real foundation and substance in the experiences in other 
courses. But whether our candidate will live to see that day or 
not, we should surely turn him out more skilled in expression and 
the teaching of it than most science teachers are. 
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Thus we come to a program somewhat like that in the accom- 
panying table, which should be scanned only with the provision for 
additional electives in mind (see above) . 



First year — 

i. Aims and methods of elementary 
science teaching, with observations 
of teaching and drill on subject- 
matter 

2. Geography 

3. Social science 

4. Electives 



Quarter 

(12 Weeks) 

Units. All 

Five Tikes a 

Week 



Semester Units 



Number 
Semesters 



Times a Week 



Second year — 

5. Social science, emphasis on education 

6. Botany 

7. Zoology 

8. Electives 



Third year — 
9. Physics. . . 
10. Chemistry, 
n. Education. 

12. Geology. . . 

13. Electives. . 



Fourth year — 

14. Practice teaching 

15. Expression 

16. Astronomy 

17. History of science 

18. Philosophy and history of education 

19. Electives 



♦Daily teaching for one quarter, or semester, with double credit. 

Too diffuse ? To be sure it is, as judged by the ordinary stand- 
ards of undergraduate work, but not so perhaps if it is for one 
whose specific task is to be the teaching of science-in-general to 
boys and girls twelve to sixteen years old. A deliberate aim in 
planning such a program is to avoid specialization. Specialization, 
at this period, absolutely interferes with securing that breadth and 
balance of information whose lack is today perhaps the most serious 
handicap to good teaching of elementary science. Specialization 
is desirable once the broad foundation that we need so much has 
been secured, but first that foundation must be secured. Prema- 
ture specialization interferes with it. 
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Administrative considerations. — Such a program needs analysis 
from the administrative standpoint. Only the larger universities 
and teachers' colleges are equipped to offer it, and then only as 
facilities for the practice teaching of high-school classes are adequate. 

One teacher should be in charge of science as used in Grades 
VII to IX or X, and there his responsibility should cease. Restrict 
his work to this less differentiated region of science teaching that 
draws its materials without fear or favor from all the departments, 
and the sensitive question of trespass on the preserves of the 
academic departments may be settled. We assume that as to 
science taught before the pupil is sixteen, university departments 
of science will not file claims. 

This director of elementary science will undertake synthesis 
of whatever science materials may seem desirable for the psycho- 
logical situation of Grades VII to IX or X, and will demark him- 
self quite clearly enough for administrative facility from what we 
may call "intermediate science." In the program outlined above 
he will teach courses 1 and 14, which come to ten teaching hours, 
his attention to 14 being continuous throughout the year, with 
different groups of students. He will also be the supervisor of 
elementary science in the practice school. 

Intermediate science. — By intermediate science is meant the 
science of the upper years in high schools and of the lower years in 
college. Since these courses will increasingly become adminis- 
trative equivalents, it is the teacher of the first course in a uni- 
versity department of science who should be in charge of the course 
in the method of teaching his subject in the upper years of high 
school. You note at once that no such course in special method 
appears in the program for a candidate for lower-science teaching. 
It should not, unless it be an elective. Of those who prepare to 
teach the special science of the upper years in the high schools, it 
is not too much to expect even now a year of graduate work. Such 
teaching will in the future more than now afford the chance of promo- 
tion into college teaching; and junior-college work will be multiplied 
by the growth of the larger high schools up into it. It is in his 
graduate year that such a candidate will take his courses in special 
method, and in his undergraduate work he may specialize more than 
the candidate for first science teaching. Preferably, however, he 
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will have been a teacher of elementary science before he begins 
his graduate training in special science. 

A general principle. — The principle suggested in the forepart of 
the preceding paragraph may be stated as follows: Training in the 
method of high-school courses that approximate administrative equiva- 
lence with lower college courses should be given by the teachers of such 
equivalent college courses. It appears that adoption of this principle, 
in addition to the organization of a department of science instruc- 
tion with specific reference to Grades VII to X, will secure greater 
economy and effectiveness than present arrangements, and with less 
rather than greater expense. It should be noted that such admin- 
istrative practice would entail benefits both to college and to high- 
school courses. It would develop specialists of two kinds; they 
would divide a field in which specialization now suffers through 
being diffused over too large an area. 

Such a plan would benefit the college courses as well as those 
of the high school. What expert teaching we now have in con- 
nection with elementary university science courses is more by 
chance than by plan. The few conspicuously good teachers of 
such courses are really more concerned with other matters. It is 
rare indeed to find a member of a university department whose 
first concern and pride is in the introductory courses. The tradi- 
tion is that the teaching of such courses is a thing to be escaped as 
soon as possible, and promotion lies in the direction of emancipation 
therefrom into the purer air of lectureship to graduate students. 
But this is partly because the teaching of an introductory course 
does not take up enough of a man's time. 

Finally it may be asserted that such an administrative adjust- 
ment would lead to a closer co-operation between university depart- 
ments and departments of education than now exists. Such 
co-operation seems now to be a thing of theory rather than of 
practice. But the adjustment suggested compels partnership as to 
the intermediate science, a field in which the interests of education 
and of departmental science are so inextricable that the com- 
pulsion is justified. 



